Reperfusion Times for Radial vs Femoral Access

Methods
Data Source
The Cardiac Care Network (CCN) of Ontario maintains an ongoing prospective clinical registry of all patients undergoing cardiac catheterizations, as well as other cardiac invasive procedures in the province. Clinical nurse coordinators gather information on each patient who undergoes a cardiac procedure from referral forms and hospital records. This clinical database has been previously used as a valuable resource in clinical research. 6, 7 In 2010, a registry was established within CCN to capture clinical characteristics, procedural details, and treatment times for all STEMI patients in Ontario undergoing urgent cardiac catheterization. Access site and times of qualifying ECG, arrival at the cath laboratory, and first balloon inflation or device deployment (eg, thrombectomy or direct stenting) were prospectively collected.
Mortality was determined from the Ontario Registered Persons Database. Recurrent myocardial infarction (MI) leading to hospitalization was assessed using the Canadian Institute for Health Information discharge abstract database (International Classification of Diseases, 10th revision, disease codes I21 and I22). Linkage of the CCN database and the administrative data was performed using encrypted algorithms to protect patient confidentiality.
Study Cohort
All patients undergoing urgent cardiac catheterization for STEMI between June 2010 and September 2011 were captured in the CCN registry. For this analysis, only patients who underwent primary PCI were included. Patients who received fibrinolytic therapy and patients who were treated conservatively or referred for bypass surgery after coronary angiography were excluded. Patients were excluded if the arterial access site was missing. If the patient had >1 procedure during the study period, only the first procedure was used. To minimize bias related to access site selection, we excluded patients with cardiogenic shock, patients requiring inotropes or intra-aortic balloon pump insertion, patients undergoing cardiopulmonary resuscitation, and patients with previous coronary artery bypass surgery.
Outcomes
The primary outcome of our study was time from arrival in the cardiac catheterization laboratory to first balloon or device deployment.
Secondary outcomes included all-cause mortality and repeat MI at 30 days.
Statistical Analysis
Baseline characteristics, treatment times, and outcomes of patients who received PCI via the radial approach versus the femoral approach were compared using χ 2 tests for categorical variables and ANOVA tests for continuous variables.
Multivariable logistic regression models were used to identify independent predictors of PCI via the radial access. Candidate variables of interest included demographics, comorbidities, cardiac history, admission characteristics, and procedure characteristics, as shown in Table 1 . The contribution of each variable to the overall model was determined using odds ratios. The discriminative ability of the model was determined by the area under the receiver operating characteristic curve. A propensity score-matched cohort was created to minimize the influence of potential confounding and selection bias by matching each patient in the radial access group with a patient in the femoral access group (1:1 match). We calculated the predicted probablity of receiving primary PCI via radial access by fitting a logistic regression model using all the clinical relevent variables from clinical knowledge, as shown in Table 1 . A nearest-neighbor matching algorithm was used to match patients on the basis of the logit of
WHAT IS KNOWN
• Compared with femoral access, radial access is associated with lower rates of bleeding and vascular complications.
• Radial access is used infrequently for primary percutaneous coronary intervention in the United States, partly related to a concern that it may delay reperfusion.
WHAT THE STUDY ADDS
• In real-world clinical practice, the time to first balloon inflation is slightly longer with radial access, although the 3 minute difference is unlikely to be clinically relevant.
• Centers that use radial access infrequently may have longer delays with radial access.
• There is no difference in treatment times at centers that frequently use radial access. their propensity score, with matching occurring if the difference in the logits of the propensity scores is <0.2 times the standard deviation of the scores (the caliper width). The balance between the 2 matched groups was determined by computing a standardized difference for each explanatory factor, with a standardized difference of <0.1 indicating a good balance.
Time of arrival in the cardiac catheterization laboratory to first balloon or device deployment with radial access and femoral access was compared across pairs of patients after propensity score matching using signed rank test, whereas other continuous variables were compared using paired t test, and mortality rates were compared using McNemar test. We also compared the treatment times for the matched cohort qualitatively in a histogram showing the distributions of time between the 2 access approaches. Treatment times and clinical outcomes were also compared after stratifying hospitals into terciles based on the proportion of primary PCI cases that were performed using radial access.
We conducted all statistical analyses using SAS software, version 9.3 (SAS Institute, Inc, Cary, NC). All statistical tests were 2-tailed and P values of <0.05 were considered statistically significant.
The study was approved by the Sunnybrook Health Sciences Center research ethics board.
Results
Between June 2010 and September 2011, there were 5888 STEMI cases documented in the CCN STEMI registry. Of these, 2947 patients underwent primary PCI and met all inclusion criteria (Figure 1 ). The baseline clinical, electrocardiographic, and angiographic characteristics and outcomes for the radial and femoral groups before propensity match are shown in Table 1 . Radial access was more likely to be used for younger patients, males, and patients with diabetes mellitus. Radial access patients were more likely to undergo thrombectomy. Before matching, radial access was associated with longer time from cath laboratory arrival to first balloon inflation (30 versus 27 minutes; P<0.001) with no significant differences in clinical outcomes. The multivariable model predictors of radial access are shown in Table 2 . The 2 independent predictors of radial access were younger age and male sex.
After propensity score matching, 1034 well-matched pairs were identified. The baseline characteristics were similar for the radial and femoral groups ( Table 3) .
The treatment times and outcomes for the matched cohort are shown in Table 4 and Figure 2 . The median time from arrival in the cardiac catheterization laboratory to first balloon was 27 minutes (25th%-75th%, 21-34) for the femoral group and 30 minutes (25th%-75th%, 24-39) for the radial group (P<0.001). At 30 days, there were no significant differences between the radial and femoral groups for death or reinfarction. When hospitals were stratified into terciles based on the proportion of primary PCI cases that were performed using radial access, there was no difference in time to first inflation for radial and femoral access at the hospitals that used radial access most frequently (Table 5 ; Figure 3) . The difference in median time to first inflation was most pronounced in the third of hospitals that rarely used radial access for primary PCI (42 minutes for radial access, 27 minutes for femoral access; P=0.002). The only statistically significant difference in clinical outcomes was a lower incidence of reinfarction with radial access at the hospitals that used radial access most frequently.
Discussion
Despite the proven benefit of the radial approach in reducing access site complications, radial access is used infrequently for primary PCI in some regions, partly because of concerns that it may delay reperfusion. 8 In this propensitymatched analysis of a provincial database, radial access was associated with a significantly longer time from arrival in the catheterization laboratory to the first balloon inflation. However, the difference was only 3 minutes and unlikely to be clinically relevant. 9 At the lowest tertile of hospital that rarely used radial access for primary PCI, there was a difference of 15 minutes between radial and femoral access. In contrast, there was no difference in treatment times at the third of hospitals that used radial access frequently for primary PCI.
Radial access is associated with significantly lower rates of bleeding, transfusions, and vascular complications. 10, 11 Randomized trials comparing radial and femoral access for STEMI patients undergoing primary PCI have shown lower rates of bleeding and a significantly lower mortality.
1,2 However, the mortality reduction in these trials has been questioned 12 and awaits confirmation in ongoing trials, such as the SAFARI-STEMI trial (http://clinicaltrials. gov/show/NCT01398254), comparing radial and femoral access using contemporary pharmacotherapy. Furthermore, the radial approach is technically more challenging, is associated with a learning curve, 4, [13] [14] [15] and requires crossover to femoral access in 4% to 6% of the cases.
2,16-18 As a result, there has been concern that radial access may delay reperfusion in primary PCI.
Our finding of a small but statistically significant 3 minute delay in procedure time is consistent with randomized trials comparing radial versus femoral access for primary PCI. In A Trial of Trans-Radial Versus Trans-Femoral PCI Access Site Approach in Patients With Unstable Angina or Myocardial Infarction Managed With an Invasive Strategy (RIVAL), the time from randomization to the start of the PCI procedure was 1 minute longer and the time from randomization to the end of the PCI procedure was 5 minutes longer for the radial group among primary PCI patients. 1 In the Radial Versus Femoral Randomized Investigation in ST-Elevation Acute Coronary Syndrome (RIFLE-STEACS) trial, radial access was associated with a significantly longer time from arterial puncture to first balloon inflation, but the difference was <1 minute. 2 In a meta-analysis, the procedure time was <2 minutes longer with radial access. 3 Our results show that in real-world clinical practice, as in the randomized trials, the overall difference in treatment times between radial and femoral access is small and unlikely to be clinically relevant. 8 Another important finding in our analysis was that the difference in treatment times between radial and femoral access varied based on the proportion of primary PCI cases that were performed using radial access. No difference in the time from arrival to the catheterization laboratory to first device deployment was observed among the third of hospitals that used radial access most frequently. This may reflect a high level of proficiency with radial access and appropriate case selection for radial access at these hospitals. In contrast, radial access was associated with a 15 minute delay at the third of hospitals that used radial access for primary PCI least frequently. In a previous meta-analysis, the difference in procedural times between radial and femoral access was significantly larger in the trials where radial access was not the preferred route by operators. 18 In the RIVAL trial, there was a significant interaction between the center radial PCI volume and radial versus femoral access for the composite of death, MI, or stroke, for major vascular complications, and for access site crossover. 16 Radial center volume was independently associated with the primary end point of death, MI, stroke, or non-coronary artery bypass graft-related major bleeding. 19 These findings suggest that the best outcomes may be achieved when radial access is used at centers that have more experience with radial access. However, among the STEMI patients in RIVAL, radial access was associated with a significantly lower mortality even after adjustment for operator and center experience. 1 It is therefore possible that radial access may improve outcomes even at centers with less radial experience. Histogram showing the distribution of time from arrival at the cardiac catheterization laboratory to first balloon inflation for radial access and femoral access. The probability density function was estimated using normal distribution. Although our results further extend the findings of the randomized trials into real world clinical practice, several limitations need to be acknowledged. Access site was not randomized, and there were significant differences between the patients who underwent radial procedures and those who had femoral procedures. Although we adjusted for differences using propensity score matching, there may have been residual confounding because of differences in unmeasured patient variables. It is possible that centers that perform few radial procedures may have only used radial access when femoral access was not possible (eg, severe peripheral vascular disease). Furthermore, we did not collect information on access site crossover, and patients in whom radial access failed would have been included in the femoral group in this analysis. However, because the crossover rate is only 4% to 6% for patients undergoing primary PCI using radial access, it is unlikely this had a substantial impact on the findings. These procedures were performed by high volume operators (median 255 cases per year), and the results may not be generalizable to operators with lower volumes. The rates of bleeding and vascular complications could not be assessed in this analysis.
Conclusions
In patients undergoing primary PCI for ST-elevation MI in real-world clinical practice, the time to first balloon inflation is slightly longer with radial access than with femoral access, although the 3 minute difference is unlikely to be clinically relevant. There is no difference in treatment times at centers that frequently use radial access. The short-term mortality and reinfarction rates are similar with radial and femoral access.
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